Study Design. A retrospective cohort study. Objective. The aim of this study was to assess the effects of lumbar stiffness after lumbar fusion surgery on functional limitations, health-related quality of life, and activities of daily living (ADL). Summary of Background Data. Postoperative outcomes after fusion surgery are usually assessed using patient-reported instruments to describe disability related to pain and health status. There are few studies on the effects of lumbar stiffness on ADL after lumbar fusion surgery. Methods. This study included 93 patients who underwent lumbar fusion surgery for degenerative lumbar disease. Their mean age was 69 years (range 51-79), and the mean follow-up was 34 months (24-46). The patients were categorized into 5 groups according to the number of segments involved: 0 level (decompression), 1 level, 2 levels, 3 levels, and 4 levels. They completed a 21-item questionnaire about their ADL and the Short Form Health Survey 36 (SF-36) to evaluate the effects of lumbar stiffness on ADL after surgery.
S
pinal instrumentation surgery is performed frequently in the treatment of trauma, degenerative disease, and spinal deformity, and has been shown to yield satisfactory clinical results. [1] [2] [3] [4] Lumbar fusion surgery alleviates pain and dysfunction markedly in carefully selected patients with such conditions, although it also has negative aspects because of the reduction in spinal motion. The occurrence of adjacent segment disease as a result of problems after fusion surgery has been reported. [5] [6] [7] However, there are few reports of the effects of lumbar stiffness, caused by eliminating the mobile segments, after lumbar fusion surgery on activities of daily living (ADL). [8] [9] [10] In the field of spinal surgery, patient-reported outcome instruments, such as the Oswestry Disability Index (ODI) or the 36-item Short Form Health Survey (SF-36) to assess health-related quality of life, are frequently used, and outcome studies have reported excellent results of spinal fusion surgery. [11] [12] [13] [14] These instruments were designed to be used to assess patients' disability related to pain and health status, but they do not provide information about functional limitations on ADL caused by lumbar stiffness resulting from lumbar surgery.
The impairment in ADL because of lumbar stiffness caused by lumbar fusion surgery might depend on the numbers of fused segments. However, it is difficult for spine surgeons to answer with confidence the question, ''What is the number of fused segments that limits the patient's ADL?'' Information about functional limitations on ADL caused by lumbar stiffness after lumbar fusion surgery should help spinal surgeons to answer their patients' questions about the expected limitations on ADL after surgery. This information may also be useful in helping the surgeon deciding on the best surgical method after considering the lifestyle or occupation of patients.
The number of lumbar fusion surgeries has been increasing, and patients with a spinal deformity tend to undergo a long fusion as their index procedure. Information about the effects of lumbar stiffness after fusion surgery may affect patients' satisfaction with surgery because some patients will experience more disability in performing ADL than they expect. The purpose of this study was to assess the effects of lumbar stiffness after fusion surgery on functional limitations, health-related quality of life, and ADL. To examine this in detail, we developed a questionnaire to obtain information about basic ADL. We used our questionnaire and the SF-36 to evaluate the effects of lumbar stiffness resulting from lumbar fusion surgery on ADL in patients who had undergone lumbar decompression surgery or lumbar fusion surgery. In the analysis, we classified the patients according to the number of levels operated on.
MATERIALS AND METHODS
This study was approved by the ethics review boards of Kyoto University. The number of patients undergoing lumbar surgery between January 2011 and January 2013 at Kyoto University was 252. We conducted a retrospective cohort study in which we reviewed the clinical data for those patients who met the following inclusion criteria: aged 51 to 79 years; having undergone lumbar decompression surgery (0-level), or lumbar fusion surgery at 1 to 4 levels for degenerative lumbar disease; a minimum follow-up period of 2 years; and ability to perform daily activities independently. Patients with prior lumbar surgery were also included. Decompression was indicated for patients who exhibited lumbar canal stenosis without spinal instability or degenerative scoliosis, and fusion surgery was indicated for patients with degenerative lumbar disc disease, spondylolisthesis, foraminal stenosis, or degenerative scoliosis. The procedure for fusion surgery included transforaminal interbody fusion or oblique lateral interbody fusion combined with posterior pedicle screw fixation. 15 The exclusion criteria were surgery for neoplasm, infection, or fracture; combined cervical or thoracic myelopathy; inability to perform ADL due to comorbidity (cerebrovascular accident, Parkinson's disease, psychotic disorder, or inflammatory disease such as rheumatoid arthritis); and pseudoarthrosis identified by lateral flexion-extension radiographs after fusion surgery.
Clinical results were assessed using the Japanese Orthopedic Association (JOA) score (see Supplemental Digital Content, Appendix 1, http://links.lww.com/BRS/B59), and the data were recorded preoperatively and at 2 years postoperatively. The recovery rate proposed by Hirabayashi et al, was also used for clinical assessment and was calculated as: recovery rate (%) ¼ (postoperative JOA scorepreoperative JOA score)/(29 -preoperative JOA score) Â 100. The calculated recovery rate was then classified using a 4-grade scale as: excellent, >90%; good, 75 to 89%; fair, 50 to 74%; and poor, <50%.
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Patients were asked to answer our newly developed questionnaire about the effects of lumbar stiffness after surgery on their ADL (Table 1 ) and the SF-36 13 at 2 years after surgery at the outpatient clinic or by mail. Our questionnaire is based on the Lumbar Stiffness Disability Index (LSDI) 17 and comprises 21 items relating to basic ADL. Responses were classified into 5 categories: A, ''no effect at all''; B, ''a little effect''; C, ''a considerable effect''; D, ''I cannot do this at all''; and E, no answer. Using the scoring algorithms in the SF-36 Health Survey Manual, we calculated each patient's scores and then averaged the scores to develop norms in each category for comparison. Patients were categorized into 5 groups according to the number of fused segments: 0-level (decompression), 1-level fusion, 2-level fusion, 3-level fusion, and 4-level fusion. 18 To examine the effects of the number of fused segments on ADL, we presented the percentages of patients who answered ''no effect at all'' or ''a little effect'' of postoperative lumbar stiffness on ADL in each group. To assess the patient-reported generic health status, we used the SF-36, a widely used measure of healthrelated quality of life, which describes the patient's health status across 8 health domains. 13 The Jonckheere-Terpstra trend test was used to analyze the relationship between each domain score (continuous variable) and the number of fused segments. A P value <0.05 was considered significant. All statistical evaluations were performed by using R version 3.1.0 (R Foundation, Vienna, Austria).
RESULTS
Ninety-three of the 123 patients who met our criteria completed our questionnaire: 25/39 (64%) in the decompression group; 25/34 (74%) in the 1-level fusion group; 17/ 23 (74%) in the 2-level fusion group; 13/13 (100%) in the 3-level fusion group; and 13/14 (93%) in the 4-level fusion group (Table 2) . Their mean age was 69 years (range 51-79), and the mean follow-up was 34 months (range 24-46). In the 1-level fusion group, 19 of 25 were at L4-L5, and 6 of 25 were at L5-S. In the 2-level fusion group, 8 of 17 were at L3-5, and 9 of 17 were at L4-S. In the 3-level fusion group, 5 of 13 were at L2-5, and 8 of 13 were L3-pelvis. In the 4-level fusion group, 1 of 13 was at L1-5, and 12 of 13 were at L2-pelvis. There were no significant differences in age, sex, and preoperative JOA score between the groups. Postoperative JOA score and the recovery rate were significantly lower in the 3-level and 4-level fusion groups than in the other groups ( Table 2) .
The distributions of the answers to each item in the questionnaire about postoperative lumbar stiffness indicated that patients perceived an effect of lumbar stiffness on their ADL according to the number of fused segments ( Table 3 ). The Cochran-Armitage trend test showed a linear trend toward an increased rating of difficulty performing ADL because of postoperative lumbar stiffness with an increasing number of fused segments. This was significant for all items on the questionnaire including the question about satisfaction (P < 0.05).
We next compared the responses with each item of the questionnaire on the effects of postoperative lumbar stiffness according to the number of fused segments between the groups. The answers to questions 3, 9, 11, and 21 and the question about satisfaction did not differ significantly between groups (P ¼ 0.183, 0.087, 0.071, 0.084, and 0.381, respectively) ( Table 4 ). The answer to question 6 showed a significant effect of lumbar stiffness in the 2-, 3-, or 4-level fusion groups but not in the 0-or 1-level fusion groups. The answers to questions 5, 7, 14, and 17 showed a significant effect of lumbar stiffness in the 3-or 4-level fusion groups but not in the 0-, 1-, or 2-level fusion groups. The answers to questions 1, 2, 4, 8, 10, 13, 16, and 18 to 20 showed a significant effect of lumbar stiffness in the 4-level fusion group but not in the other groups. There were significant differences between these groups in the answers to question 12 and 15 overall when assessed using the Chisquare test but not when assessed using Ryan's tests for multiple comparison of the groups.
We defined an activity to which more than 80% of patients answered ''no effect at all'' or ''a little effect'' as ''no impact.'' Using this definition, we found cutoffs between the groups regarding the effects of postoperative lumbar stiffness. There were no effects of postoperative 
A indicates no effect at all; B, a little effect; C, a considerable effect; D, I cannot do this at all; E, no answer; Lv, level; S, satisfied; D, dissatisfied; VD, very dissatisfied; VS, very satisfied. Ã A P value <0.05 was considered significant. 
Cut your toenails <0.001
Pick up an object <0.001
Squat down <0.001
Wipe bottom 0.010
Get out of bed 0.087 10 Get off the floor 0.003
Rise from a chair 0.071 12
Sit on a low chair 0.030
Sit on a high chair <0.001
Sit on the floor <0.001
Sit cross-legged 0.006
Cross your legs 0.003
Walk up stairs 0.002
Walk down stairs 0.010
Wash your face <0.001
Take a bath 0.007
Wash your body 0.084 Satisfied with surgery 0.381
Two categories (answering ''no effect'' or ''a little effect'' vs. answering ''a considerable effect'' or ''I cannot do this at all'') were compared among 5 groups using Chi-square test, followed by Ryan's significance tests for multiple comparison of proportions. Lv indicates level group. Ã A P value <0.05 was considered significant. lumbar stiffness on the activities assessed in questions 3, 9, and 11 in all groups. A cutoff was observed between the 3-level and 4-level groups for questions 1, 2, 4, 13, and 19 to 21, between the 2-level and 3-level groups for questions 8, and 14 to 18, between the 1-level and 2-level groups for questions 6, 7, 10, and 12, and between the 0-level and 1-level groups for question 5 (Table 5 and Figure 1 ). In the SF-36, the scores for physical functioning (PF), role physical (RP), bodily pain (BP), role emotional (RE), mental health (MH), and physical component summary (PCS) decreased significantly with the numbers of fused segments operated on (P < 0.001, 0.005, 0.003, 0.006, 0.028, and P < 0.001, respectively) ( Table 6 ).
DISCUSSION
Although spine surgeons may be vaguely aware of some of the effects of lumbar stiffness resulting from spinal fusion on ADL, it is not known precisely which ADLs are most affected after spinal fusion surgery and whether the number of fused segments affects the ability of patients to perform ADL. The present study clarified which basic ADLs are hampered by lumbar fusion surgery and that the impairment relates to the number of fused segments (1-4 levels). Decompression surgery (0 level) and 1-level fusion did not hamper any activities, as assessed by our questionnaire. Patients who underwent 2-level fusion did not report difficulty in performing most activities but perceived some difficulties in ''picking up an object.'' Patients who underwent 3-level fusion reported difficulties in ''cutting toenails,'' ''squatting down,'' ''sitting on the floor,'' and ''walking up stairs.'' Patients who underwent 4-level fusion reported some or considerable difficulties in performing all activities, except for ones such as ''putting on a jacket,'' getting out of bed,'' ''rising from a chair,'' ''taking a bath,'' and ''washing your body.'' To our knowledge, the studies of Hart et al 8, 17 are the only studies to describe the effects on ADL of lumbar stiffness after fusion surgery. They developed an outcome questionnaire, the LSDI, which comprises a 10-item questionnaire about ADL, and they prospectively evaluated the effects of stiffness using the LSDI scores after lumbar fusion surgery. Their patients were categorized into 4 arthrodesis groups: 1 level, 2 levels, 3 or 4 levels, and at least 5 levels. Hart et al 8 reported that the effects of stiffness tended to have greater effects among patients who had undergone longer fusions, although patients who had received a 1-level arthrodesis showed fewer limitations caused by stiffness postoperatively compared with preoperatively. Stief et al 19 reported that patients undergoing 1-or 2-level lumbar fusion had improved health-related quality of life, despite limitations in trunk flexion. We did not evaluate lumbar stiffness using instruments such as the LSDI. However, we questioned the patients in detail about the limitations on each activity related to lumbar stiffness after fusion Values greater than 80% are in bold.
SURGERY
Effects of Lumbar Stiffness Kimura et al surgery. We grouped the patients according to the number of fused segments (0-4 levels) and evaluated statistically the degree of limitation on each activity. This information is exactly what patients want to know when considering fusion surgery. In the present study, the PF, BP, RP, and PCS scores on the SF-36 decreased as the number of fused segments increased, despite there being no significant difference in satisfaction with surgery. This indicates that the patients who had undergone longer fusion perceived greater physical functional disability, which is consistent with the postoperative JOA scores and recovery rates in our patients. Lee et al 20 reported that functional disability, which was evaluated using the ODI, was greater in the long-level fusion Figure 1 . Graphical depiction of the data listed in Table 5 . The vertical axis represents the percentage of patients in each group answering ''no effect'' or ''a little effect'' for each ADL question, and the horizontal axis represents the groups. group (!3 levels) than in the short-fusion group (<3 levels), although there was no significant difference in satisfaction between the 2 groups. This relationship with the number of fused segments may be attributed to differences in the size of the damaged lumbar musculature and disability caused by lumbar stiffness, which is aggravated in patients who undergo longer fusion. In our study, although the MH score decreased as the number of fused segments increased, we consider that mental status did not affect the results because the range of MH scores (48.2-53.3) was narrow in all groups and the mental component summary score did not differ between the groups. The measurement of the lumbar range of motion (LROM) on the flexion-extension lateral radiographs is effort dependent but has been validated and used in multiple clinical studies. 21, 22 Hart et al 17 mentioned that LSDI was correlated strongly with decreased LROM on radiographs. It is expected that patients feel lumbar stiffness after lumbar fusion surgery more frequently with the increase in the number of fused segments, whereas some patients who undergo a short fusion may not experience decreased LROM on radiographs because of a compensatory increase in ROM at nonfused segments. On the basis of the hypothesis that patients feel lumbar stiffness after fusion surgery because of the existence of fused segments, regardless of the level of increase in ROM at nonfused segments, we focused on the number of fused segments to evaluate the effect of postoperative lumbar stiffness on ADL.
There are some limitations to this study. First, it was retrospective and included a heterogeneous group of patients. In a prospective study, limitations on ADL can be evaluated by comparing between the preoperative and postoperative status, whereas the prospective method may lead to paradoxical results because preoperative pain may restrict lumbar mobility in some cases, as noted by Hart et al. 8 In our study, there were no differences between the groups in preoperative demographic data, including age, sex, and JOA score, and strict inclusion and exclusion criteria were applied. Patients undergoing a longer fusion might experience more lumbar stiffness preoperatively because of the development of degenerative changes in the spine than those undergoing a short fusion. We planned to include moderate and severe degenerative segments in fused segments in performing a longer fusion so that the segments adjacent to the fused segments were almost intact. Therefore, we consider that our retrospective study, which aimed to evaluate the effects of lumbar stiffness caused by fusion surgery according to the number of fused segments, produced meaningful results. Second, the follow-up rates were relatively low in the 0-level group (64%), 1-level fusion group (74%), and 2-level fusion group (74%). This is possibly because the patients who underwent long fusion tend to require ongoing care, and visited our hospital regularly. By contrast, patients who underwent decompression or 1-or 2-level fusion may not perceive any disability in their daily life and may not have attended our hospital. Third, we did not assess patients who underwent at least 5-level fusion, and further study is needed because the number of at least 5-level fusion surgeries for the treatment of spinal deformity has increased recently.
Our ADL questionnaire, which comprised 21 items related to ADL, was based on the 10-item LSDI 17 and included questions about basic ADL that require lumbar movement, such as flexion-extension, rotation, and bending. Because there might be slight differences in the range of lumbar motion even in similar activities, we included similar activities to provide more information. It may be interesting to include questions about limitations in popular sporting activities such as golf, tennis, running, and swimming in the questionnaire.
CONCLUSION
As the number of fused segments increased, patients experienced more limitations in ADL. However, patient satisfaction remained similar in all groups because the pain was relieved by surgery. Spine surgeons should understand that lumbar stiffness is a possible side effect of lumbar fusion surgery and should feel confident in explaining this to patients who ask questions about postoperative activities. These findings suggest that spine surgeons should consider the patient's occupation and lifestyle in preoperative planning. This information will help spine surgeons explain the possible outcomes to patients planning to undergo fusion surgery.
Key Points
This study examined the effects of lumbar stiffness caused by lumbar fusion surgery on activities of daily living (ADL) using an ADL questionnaire in patients who underwent decompression surgery or fusion surgery at 1 to 4 levels. As the number of fused segments increased, the number of limitations in ADL increased, even though satisfaction with surgery did not differ according to the number of levels operated on. Patients undergoing 1-or 2-level fusion reported no serious limitations in most ADL, whereas patients undergoing 3-or 4-level fusion, especially 4-level fusion, reported more limitations related to postoperative lumbar stiffness. These findings suggest that spine surgeons should consider the patient's occupation and lifestyle in preoperative planning. These findings will help the surgeon explain the possible outcomes to patients planning to undergo fusion surgery.
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